The relationship between long-term climate goals and short/medium-term emission targets forms crucial information for the design of international climate policy. Since IPCC's 4th Assessment Report (AR4), a large number of new scenario studies have been published. This paper reviews this new literature and finds that there is more flexibility in the timing of short-term emission reductions compared to the earlier scenarios assessed by the AR4. For instance, the current literature suggests that a peak of emissions in 2020 and even 2030 would be consistent with limiting temperature change to about 2
Introduction
The question how much short-term emission reduction is needed in order to reach long-term climate targets plays a crucial role in discussions about international Electronic supplementary material The online version of this article (doi:10.1007/s10584-010-0004-6) contains supplementary material, which is available to authorized users. Table 3 .5 provided characteristics of the existing literature, which does not exclude that there might be other scenarios that could achieve similar goals in different ways. The descriptive nature of the information is particularly important for the lowest concentration levels for which just a small number of scenarios were available at the time of AR4.
Since AR4, new scenarios studies have been performed. Here, we review this large body of new literature to update the information of the IPCC report, focusing specifically on the lowest three scenario categories from the IPCC (i.e. concentration targets leading to a radiative forcing of 4 W/m 2 or less). Moreover, we compare the results with two specific studies that explicitly explored the short-term emission range for achieving long-term targets.
Methodological considerations
Emission scenarios in the literature differ in many ways: e.g. they aim for different targets (concentrations, radiative forcing, or temperature change), focus on different gases (CO 2 only or all greenhouse gases), and are derived from different baseline assumptions. Systematic comparisons need to somehow group scenarios according to common characteristics. The six AR4 categories group scenarios based on the concentration levels by the end of the century, either expressed in radiative forcing, CO 2 -equivalent or CO 2 concentration (Fisher et al. 2007) . While the correlations of these metrics allows such grouping, this is subject to uncertainty (see for instance Meinshausen et al. 2006 Meinshausen et al. , 2009 and the Supplementary material).
The IPCC AR4 reported several statistics of each scenario group. If the literature comprises a sufficiently large sample of independently published scenarios, these characteristics may be interpreted as indicative of the full range of possible outcomes. Biases in the literature, however, limit such interpretation. For example, the vast majority of the literature assumes that emissions can be reduced worldwide. Scenarios considering limited participation (resulting in a delay in emission reductions) are underrepresented and have only recently been explored more widely (see Clarke et al. 2010) . The risk of biases becomes larger if only a small number of scenarios are available. In fact, for the lowest climate targets in the AR4, where only six scenarios from three independent modelling studies could be assessed (Azar et al. 2006; Riahi et al. 2007; Van Vuuren et al. 2007) .
The new studies published since AR4 allow updating the IPCC assessment with a larger sample set ( Table 1 ). The original database underlying the IPCC AR4
